Experimental evidence from sternopleural chaeta number and yield of offspring in Drosophila melanogaster bears out the expectation (Mather, 1975) that the value of the regression of g, measuring genotype x environment interaction, on e, measuring the overall effect of environmental change, depends on genes in which the contrasting genotypes are alike as well as on the genes in which they differ. With yield of offspring there is evidence of some genotypes reacting to the environmental changes in the opposite direction to others.
INTRODUCTION
Genotype x environment interaction is the difference in response of two or more genotypes to a given change, or set of changes, in the environment. It is commonly represented and measured by the quantity g. Where the responses of the genotypes to the environmental change, instead of being differenced to reveal the interaction g, are summed or averaged they give another quantity e which measures the overall effect of the environment as revealed by the set of genotypes treated as a group. In other words e provides a biological measure of the environment and its changes, and it is commonly used as such especially where no simple or convenient means exist of defining the relevant environment and its changes in terms of external measurements such as temperature, humidity and so on. Now g is frequently related in value to e, a relationship which is often conveniently represented by the regression of g on e (see, for example, Bucio Alanis, 1966; Perkins and Jinks, 1968) . Since, however, g depends on differences in response between the genotypes it can reflect the properties of only those genes by which the genotypes differ, whereas e depends on the summed responses of the genotypes taken as a group and will reflect the properties not only of the genes by which the genotypes differ but also of those genes which affect response to the environment but for which all the genotypes are alike (see table 4 ). As Mather (1975) has therefore noted, the value of the regression coefficient, b, of g on e should be subject to change by alteration of the genetically uniform or background part of the genotypes, as well as by change in the genes by which the genotypes differ. An experiment reported by Caligari and Mather (1975) allows these effects of the background genes to be tested and examined further. The experiment, for the details of which reference should be made to Caligari and Mather (bc. cit.) These eight lines were all raised simultaneously in nine environments, which were the nine combinations of three temperatures (18°, 215° and 25°C) and three culture container and food regimes (yeasted food in a f.pint bottle, yeasted food in a 3" x 1" tube and unyeasted food in a 3" X 1" tube). The experiment was replicated and two characters were followed: number of sternopleural chaetae and yield of offspring. The results averaged over replicates are set out in table 1. The error variance based on the differences between replicates is given at the foot of table 3. With such a set of lines the genotype x environment interactions associated with one pair ofhomologous chromosomes can be investigated against different backgrounds in respect of the other two. Thus, for example, we can examine the interactions with the environment of the genetic difference between the two X chromosomes by comparing the expressions of the characters of a pair of lines which differ in their X's but are alike in respect of chromosomes II and III. The eight lines yield four such comparisons: WWW vs SWW; WWS vs SWS; WSW vs SSW and WSS vs SSS. The subsequent analysis of the results yielded by these four different comparisons of the effects of the X chromosome differences over environments will reveal the effects of the changes in background genotype on the genotype x environment interactions associated with the X chromosome.
HETEROGENEITY OF REGRESSIONS
The pairs of lines have been subjected to the two-line analysis of Bucio Alanis (1966) , the regression of g (which depends solely on the chromosome in which the members of the pair differ) on e (which must also reflect the sensitivity to environmental change of the relevant genes in the other some in which the two lines under comparison differed, the background chromosomes in which they were alike, the sum of squares (S.S.) of their sums, the S.S. of their differences, the sum of cross products (S.C.P.) of sum and difference and the regression of g on e (b), found of course as the ratio of S.C.P. to S.S. of sums. The four regressions found for each chromosome difference have been compared by partitioning, in the usual way, the S.S. of differences into an item for their joint regression (1 degree of freedom), an item for heterogeneity of regressions (3 d.f.) and one for the pooled departures from linearity of the four individual regressions (7 x 4 28 d.f.). This analysis for each of the two characters is set out in table 3, together with the replicate error variances for the two characters. The first thing to note is that only in the case of the g/e regression for chromosome II in respect of chaeta number is there any indication of significant residual variation round the regression lines. The replicate error variance can thus be used to test the heterogeneity of the regressions in all cases except perhaps that of chromosome II for chaeta number. In all three chromosomes in respect of yield of offspring the four regressions are heterogeneous: in other words the regressions clearly change with alteration of the background genotype. They are not demonstrably different for the X chromosome in respect of chaeta number, but they clearly differ for chromosome III and even when we use the remainder mean square as the estimate of error variance there is evidence of differences among the four regression lines for chromosome II. Clearly, as expected, the background genotype can and does affect the value obtained for the regression of g on e.
RELATION OF REGRESSIONS TO BACKGROUND GENOTYPE
The situation can be explored further. Table 4 sets out the phenotypic expressions in two environments of two lines differing in their X chromosomes, but with a uniform background B. The formulation is that used by Mather (1975) , where d is the overall genetic difference between the X's, e the measure of the change in expression of the Wellington X between the two environments, e3 that of the Samarkand X, and eB that of the background genotype. The contributions of e9 and e to the S.S. of sums, S.S. of differences, and S.C.P. are shown and the change in constitution of eB with alteration of the background genotype is given at the bottom of the table. Now no matter what the background may be, the S.S. of differences (which depends on g) is constant but the S.S. for sums and the S.C.P. vary with eB, as does of course the value of b, the regression of g on e. Thus the In the subscripts 2 and 3 signify chromosomes II and III respectively. Thus esw is the a for chromosome II from Wellington.
variances of the differences should be homogeneous over the four backgrounds, but the variances of the sums should not. These variances have been subjected to Bartlett's test and the x2's, each of which will have 3 d.f., are given in table 5 for the variances of sums and differences in relation to each chromosome for each character. For chaeta number the answers are clear: with all three chromosomes the variances of differences are homogeneous as TABLE 5 The expression of varying the backgrounds on e (measured by the sum) and g are heterogeneous as expected; but the variances of differences show a significant heterogeneity in one case (chromosome III) which clearly indicates some departure from simple expectation. It is in fact due particularly to the low S.S. of differences on the WS-background (table 2b ) and one must suppose that this is due to some interaction between the genes of this background with those by which the Ilird chromosomes differ. Such an interaction would perhaps not be surprising with a " fitness" character like yield of offspring. The data do not, however, allow us to test this point further.
change in the same direction as the genes of the chromosome which is differing, eB will have the same sign as + e, to take the example set out in table 3. But if the background genotype is reacting in the opposite direction, i.e. reacting by a decrease in expression to a change which results in increased expression of the genes in the difference chromosome, eB will be b Fic. la.-The relation of b to variation in e, measured by the S.S. of sums, in respect of chacta number. Data from table la.
of the opposite sign to + e. Where eB is of the same sign as + e5, the S.S. of sums will increase as eB increases, but b will decrease since (e + e3 + 2eB) appears in its denominator. There will then be a negative correlation between S.S. sums and b and this is the pattern shown by chromosomes II and III for chaeta number ( fig. 1 a) . b should not of course fall below zero, and the single small negative value for chromosome III can reasonably be attributed to sampling variation. The X chromosome fails to show this pattern, but as we have seen from table 3, there is no evidence of heterogeneity of the regressions for this chromosome in respect of chaeta number and no meaningful pattern can thus be expected. It should be noted that if the difference between the lines had been taken the other way round, i.e. S-W, then, of course, the estimates of b would be identical in value but of opposite sign to those given, and consequently the relation between b and S.S. sums would be an exact mirror image. Turning to yield of offspring ( fig. ib) we see in all three chromosomes this same fall of b with rise in S.S. sums, where the S.S. exceeds some 150-200; but below this value b falls sharply as the S.S. falls and indeed becomes negative. Such a pattern is to be expected where eB is positive for some backgrounds, but negative for others. In the simple case of a single environmental difference set out in table 4, b will become negative when e,,, + e3 + 2eB is less than 0, though of course S.S. sums, being quadratic, will still be positive albeit generally fairly small. With eight environmental comparisons, which there are of course between the nine environments, each of the S.S.'s and the S.C. P. will be the sum of eight terms of the kind set out in the table, and the S.S. will include also a non-heritable component. Since the relations of + e8 and e need not be the same for all comparisons (though the lack of residual variation round the regressions, as seen in table 3, suggests that they are broadly alike, even if not the same in detail) the detailed relations of sums decreases below the turning-point. The turning-point value of S.S. sums will come where on average over all the environmental comparisons eB is zero, i.e. where the S.S. sums reflects only the value of + e9.
CONCLUSION
Thus not only does this experiment confirm the expectation that the value of b, the regression of g on e, depends on the background genotype: the more detailed effects of alterations in the background genotype are as expected. The only anomaly is the heterogeneity of the S.S. of differences for chromosome III in respect of yield of offspring, and this is reasonably attributable to the genic interaction which is a common enough feature with "fitness" characters. Furthermore, we can see that in respect of yield of offspring, some background genotypes must be reacting to the environmental changes in the opposite direction to the others.
